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 Soil nematodes can be found in a wide variety of natural habitats and environmental 
conditions. The presence of these animals, while not regularly recognized, has a huge impact on 
the area’s ecology as far as soil turnover and nutrient availability  (Yeates, 2003). Knowing what 
specific types of nematodes can be found in defined areas can help to assess factors such as 
environmental health (Yeates, 2003). While gamma and beta-diversity (biodiversity between 
ecosystems) of nematodes has been assessed in the past, little attention has been paid to small 
scale nematode biodiversity, also known as alpha-diversity. This project, through two different 
extraction methods, examines the alpha-diversity of nematodes in the Central Massachusetts 
region of New England, where no nematode-specific biodiversity studies have been done before. 
Nematodes were isolated from seventeen towns within the Central Massachusetts region, from 
five separate sub-regions. It was found that nematodes could, in fact, be isolated from each of the 
seventeen towns through one or both isolation methods, but abundance of nematodes and time to 
isolate the nematodes varied from location to location. Environmental factors from isolation sites 
were also noted. The most attention was given to soil pH conditions for each town. It was found 
that there is a certain pH range most optimal for nematode isolation falling within 4.51-5.00. 
After isolation, PCR was completed on single worms to amplify the DNA using the Small 
Subunit rRNA molecular marker (SSU). Sequencing was then done on the amplified nematode 






 There are many things that can be predicted about an ecosystem based upon what species 
are found in that specific environment. Because of the biological, biochemical and chemical 
complexity of soils, they are often great indicators of the health status of the environment. Soils 
also hold a larger picture of the species found in the area because the biodiversity below ground 
is much larger than the biodiversity above the surface of the soil (Boag & Yeates, 1998).  
 Of the organisms found in soil, nematodes are one of the most important because of their 
contributions to the functions of the ecosystem.  Nematodes are very a diverse group of 
organisms and can be found in abundance in most ecosystems (Yeates, 2003). On average, 40% 
of nutrient mineralization is due to nematode presence because of enhanced nutrient release by 
excretion and the maintenance of bacterial populations by way of bacterial-feeding nematodes 
(Yeates, 2003). 
In the past, it has been the general assumption that the greater the number of nematodes 
present the better the soil and environmental health, but there is now evidence that the specific 
species of nematodes present plays an even larger role than number of nematodes present 
(Yeates, 2003). By collecting soil samples and analyzing both quantities and types of nematodes 
found in the samples, a general environmental health prediction can be made about the area 
sampled. 
To date, little attention has been paid to smaller-region analyses of nematode abundance in 
soils, with the focus generally being on larger scale ecosystems and areas. Efforts have been 
given to gamma-diversity studies (regional analyses) rather than alpha-diversity (species richness 
solely determined within-area, not than between-area) (Boag & Yeates, 1998). By sampling soil 
from various cities and towns all across Central Massachusetts, a better understanding of both 
nematode biodiversity across our region and the environmental health of our region can be 
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assessed. This allows for many things such as future conservation efforts and a larger-scale 
understanding of how our particular environment varies even within a small area. 
In this project, wild-type nematodes were isolated from soil samples collected by hand from 
the Central Massachusetts region through two different methods: simple soil plating and the 
Baermann funnel. By isolating nematodes, their genotype can be analyzed allowing for alpha-
diversity to be evaluated. Environmental factors such as elevation and soil pH were documented 
as well to see any correlation between them and nematode presence. By knowing which specific 
nematodes are present in the Central Massachusetts region, environmental health estimates can 
be made. Reliability and success of the two isolation methods were compared and assessed as 
well. It is predicted that nematodes can be isolated from all samples collected, but quantity and 







2.1 What are nematodes? 
Nematodes are small, colorless, roundworms that can be found in a varying array of 
environments and conditions. These worms are not like regular earthworms as they are un-
segmented and require a microscope to be observed (Univeristy of California, 2013). Nematodes, 
commonly called roundworms, have a wide array of roles in our world, both harmful and helpful. 
While the majority of nematodes are harmless there are several that are considered predaceous or 
parasitic. These worms are usually found in third world countries or environments that are 
considered unclean (Hotez, Brindley, Bethony, King, Pearce, & Jacobson, 2008). Climate and 
topography as well as the lack of sanitary measures result in the high frequency of these parasites 
in the countries considered to be third world (mostly tropical countries) (Hotez, Brindley, 
Bethony, King, Pearce, & Jacobson, 2008)  They are not something that people in the United 
States have to worry about, because of our sanitary practices and cooler climate. The United 
States is considered only an area where transmission of these worms is possible and not a public 
health problem (Klinkenberg, 2013). 
For the purposes of this project, soil nematodes are the focus. These are worms that can be 
commonly found in soil and are harmless to humans. They are either bacterial feeders, fungal 
feeders, or are predatory to small organisms like protozoa (Ingham, 2013). These worms play a 
huge role in our ecosystem not only because they are so diverse and plentiful, but because of 
their nutrient cycling, microbe dispersal, ability to be natural biological insecticides and their 
role as a food sources themselves (Ingham, 2013). They are often creatures that are not thought 
about, yet have a very strong tie to humans. This is the case not only in environmental 
circumstances but as far as human health and research goes as well.  
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2.1.1 C. elegans as a Model System 
One of the most important soil nematode species is Caenorhabditis elegans or C. elegans.  
This nematode, seen in Figure 1, plays a very important role in our scientific research process 
and methods. It is a great genetic research model for things such as drug discovery, animal 
behavior analyses, disease, and genetics. It was first used in the 1960s by Sydney Brenner in a 
laboratory at Cambridge in England as a model organism to study embryonic development 
(Simon Fraser University, 2008).  
The use of C. elegans as a research model has both scientific and economic benefits. Because 
it is so easy to find, easy to cultivate and inexpensive to both obtain and maintain it is an 
economical model organism to 
study. Scientifically speaking, 
its physical properties allow for 
successful research. This 
organism is very small and yet 
still multicellular. It has a very 
simple anatomy that is easy to 
understand. Not only is it easy 
to understand but since the 
animal is transparent we can physically see what is going on internally at all times. Its short life 
cycle and quick reproductive rates also allow for mass production and fast experimental results. 
 The most interesting and perhaps beneficial feature of C. elegans is that its genome is 
surprisingly similar to that of humans. It is 40% homologous to the human genome making it an 
excellent model for understanding human genes and diseases (Laboratory for Optical and 
Figure 1: C. elegans on an Agar Plate (Simon Fraser University, 2008) 
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Computational Instrumentation, 2013). Not only are these human homolog gene present, but 
approximately 75% of human disease genes have genes that are potentially related by a common 
ancestral DNA sequence in C. elegans (Hodgkin, 2013). This is a large percentage, which makes 
this worm a favorite to study in the laboratory. 
2.2 Biodiversity and Environmental Health 
.  Nematodes are one of the most diverse and abundant types of organisms within the soil. 
The subsurface species diversity of nematodes along with other soil organisms far outweighs 
biodiversity of organisms that reside above the soil (Yeates, 2003). In the recent past, thoughts 
were that nematodes were deleterious to the ecosystems they were found in, but this is not the 
case (Yeates, 2003). Now, it is not so much of a matter if there are nematodes present, rather 
what types of nematodes are present.  
There is a relationship between nematode abundance and the net ecosystem productivity as 
far as organic matter decomposition and nutrient availability is concerned (Boag & Yeates, 
1998). Because soil nematodes contribute to soil turnover, they are increasingly being used as 
soil indicators and therefore play a role in predicting the health of a given environment (Yeates, 
2003). Knowing which nematodes are present in a soil can help determine the health of the soil. 
The nematodes present depend on what nutrients and/or food sources are found in the soil. 
Essentially the health of the environment can then be assessed that the soil is found in. Soil 
health determines what grows in the soil, which in turn determines which animals inhabit that 
area to ultimately govern the overall ecosystem fitness. In a review done in 2003 by Gregor 
Yeates, it was determined that “species-level discrimination is necessary to permit further 
advances in understanding the role of nematodes in soil processes and this in ecosystem 
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resilience”. This means that in order to better understand the part nematodes play in our 
ecosystems we need to first know which nematodes are actually present in that ecosystem. 
Previous nematode biodiversity research has been focused on gamma or beta-diversity. 
Gamma-diversity focuses on large-scale, “overall diversity for different ecosystems” within a 
specific area (Harrison, Laverty, & Sterling, 2004). Beta diversity centers on the change in 
species between ecosystems (Harrison, Laverty, & Sterling, 2004). Not a lot of attention has 
been given to the alpha-diversity, which is simply put as “species richness” within a defined 
region (Harrison, Laverty, & Sterling, 2004). In a review done by Brian Boag and Gregor Yeates 
in 1998, there was research done on nematode inhabitants and species richness in relationship to 
distance their from the equator. It was found that there was contradicting evidence that nematode 
diversity increases as latitude increases. This is a great example of the large-scale biodiversity 
focus of the recent past. 
Despite that fact that there is an increasing amount of data on abundance of soil 
nematodes, it is still not a simple task to evaluate their importance in soil processes and 
environmental health (Sohlenius, 1980).  This current project helps to fill this gap in biodiversity 
research by conducting alpha-diversity research in the region of Central Massachusetts. 
2.3 The Region of Central Massachusetts 
Central Massachusetts is one of 8 defined regions in the state of Massachusetts 
(Commonwealth of Massachusetts, 2013) Within Central Massachusetts are a total of 77 towns 
grouped into their own sub-regions and 3 counties (Commonwealth of Massachusetts, 2013). 
This region touches both the Connecticut and New Hampshire borders (Commonwealth of 
Massachusetts, 2013). Most of the area is heavily developed with both residential and 
commercial buildings, but there are still a few agricultural and farming landscapes present 
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Figure 2: Map of Worcester County (Ajemian & Gamble, 2013) 
(mostly in the northern-most parts). As far as natural features go, there are also several rivers and 
watersheds which make Central 
Massachusetts a physically diverse area 
which could yield a wide range of 
nematode species and population 
densities. Because of the diversity of the 
region and its geographic proximity to 
WPI, the towns chosen for the project 
were restricted to this area.  For the 
purpose of this experiment, a map of 
Worcester County as seen in Figure 2, 
which makes up most of Central 
Massachusetts was consulted when 
picking towns to isolate nematodes.  
2.4 Species Identification 
 One of the most important 
aspects of biodiversity studies is species 
identification. For nematodes, there are two different methods in identifying species. The first 
method is by simply looking at the morphology of the organism. This method is difficult and 
leaves a lot of room for error if the person identifying the species is not a complete expert on the 
physical properties of each species. The second method of species identification is done by DNA 
amplification of the organism in question and then matching that DNA to an online database of 
species that already have had their DNA sequenced.  When amplifying DNA, a molecular 
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marker must be chosen. The best molecular marker is usually a DNA or RNA sequence that is 
highly conserved between species and yet shows enough variation so that individual species can 
be identified. The molecular marker chosen for this project was the Small Subunit rRNA gene. 
This molecular marker is specific to the phylum Nematoda and was proven successful in 
isolating nematode genes in the past (Flyod, Rodgers, Lambshead, & Smith, 2005).  This 
molecular marker is also useful because it works even with samples that have a lot of potential 
contamination due to complex living environments which makes nematodes the perfect 
candidates (Flyod, Rodgers, Lambshead, & Smith, 2005). 
 By being able to isolate and identify nematodes, connections can begin to be made 
between soil condition and biodiversity of nematodes. The more we know about what inhabits 






3.1 Soil Sampling  
 In order to isolate nematodes from Central Massachusetts, soil was collected from several 
towns within the area. 
3.1.1 Choosing Locations 
Because Central Massachusetts has a large number of municipalities, not all towns were 
sampled due to resource and time constraints. 
Locations were chosen after consulting a map 
of the area and picking the towns best suited for 
the experiment. The towns chosen were deemed 
best for the project because they allowed for 
geographical diversity of sampling locations. 
They were the most spread out within the 
region A “figure 8” method of choosing 
locations was used as to sample as many towns as possible with the most geographical diversity. 
This figure 8 method of sampling can be seen in Figure 4 where the red stars distinguish 
approximate locations for sampling.   
3.1.2 Soil Collection 
 In order to isolate nematodes from Central Massachusetts, soil was collected from several 
towns within the area. Four separate soil samples 
per location were dug up within a few feet of 
each other and placed into 15mL polypropelene 
conical tubes manufactured by VWR that could 
Figure 4: Soil Sample Collection Tubes 
Figure 3: Figure 8 Sampling Example 
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be capped for proper storage and contamination prevention as seen in Figure 3.  On each tube 
date, time, location and certain environmental conditions were noted such as weather and 
elevation. As another sample contamination prevention measure, gloves were worn while 
digging up the soil and changed between samples. Each soil sample was collected 3-6 inches 
below the top soil line to get the best quality soil in that location with no use of tools. Soil 
samples were stored at room temperature after collection See Appendix A for the Soil Sample 
protocol. 
3.2 Nematode Extraction 
 Once soil samples were collected, nematodes were extracted through two separate 
isolation methods. Two extraction methods were employed to help eliminate false negative 
results. Each sample was analyzed using both methods once.. Should a sample be found with no 
nematodes through one method, the second method can either confirm or deny their presence in 
that sample. After several isolation methods were considered, simple soil plating and the 
Baermann Funnel methods were chosen. 
3.2.1 Simple Plating 
 The first isolation method required very few materials and resources. Each soil sample 
was spread on two 60 mm 
nematode growth medium 
DIFCO-agar plates made 
with water and with no 
additives such as 
chemicals or food. One 
plate had more soil placed 
Figure 5: Simple Soil Plating 
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on it than the other. Agar was still visible on each plate. An example of these plates after soil 
addition can be seen in Figure 5. Nematodes began to crawl out of the soil after about 5-10 
minutes and then were observed under a low magnification stereo microscope. Worms were then 
moved from the soil plates onto clean agar plates seeded with OP50 E.coli , which serves as a 
food source for nourishment. OP50 is a strain of E. coli that has limited growth on nematode 
growth medium agar plates that allows for the optimal observation of nematodes (Stiernagle, 
2006). Transfer was done through individual worm picking. Each plate was observed for 
approximately 1 week so that the maximum number of nematodes could be isolated. To make 
these agar plates, a 1 liter total solution was created with 3g NaCl 2.5g Bacto-Peptone, 17g 
DIFCO-Agar, and 975mL of distilled water. The solution was then autoclaved. Once the solution 
cooled enough to touch, 1mL of 5 mg/mL Cholesterol, 1mL of 1M CaCl2, 1mL of 1M MgSO4 
and 25mL of 1M KPO4 (pH 6.0) was added. 30mL of the agar solution was then distributed into 
60mm petri dishes. 
3.2.2 Baermann Funnel 
 Once nematodes were isolated from each soil sample through the simple soil plating, the 
Baermann Funnel isolation method 
was completed (Washington State 
University, 2013). This method uses 
several more materials than the 
simple plating method which can be 
seen in Appendix B. For this 
protocol, a funnel and tubing 
structure was built and the majority 
of the soil sample was suspended at the top of the funnel on a Kimwipe. A small amount of the 
Figure 6: Baermann Funnel Set-Up 
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soil sample was not used in case of error in the process that would require the experiment to be 
repeated. The complete funnel structure can be seen in Figure 6. Distilled water was then poured 
on top of the sample until the funnel was filled up to the bottom of the soil. Nematodes are then 
filtered through the paper to the bottom of the funnel, while soil is left on top of the filter paper. 
This structure is left to sit for 1-3 days. Nematodes can then be released onto agar plates or tubes 
for analysis.  
3.3 Soil Conditions 
 Because nematodes are such great soil indicators of soil health, soil conditions were 
considered important and relevant data and were noted when taking samples. As mentioned in 
section 3.1, environmental factors were noted on sample tubes at the time of collection, giving 
some insight into soil conditions at the sample location. Not only were conditions taken into 
consideration at sampling time, but soil pH for each sample was also tested in the laboratory post 
collection. 
3.3.1 pH Testing 
 After nematodes were extracted from a soil sample using the Baermann funnel, the 
residual water from the funnel was pH tested. This was done so that the pieces between the 
success of nematode isolation and soil environment can begin to be put together. To control for 
the possibility that the water could affect the soil pH reading, the pH of the deionized water used 
in the extraction was determined prior to each used. Each time the distilled water measured at a 
pH of 5.0. By making sure all distilled water used was the same, it was assured that the water 
was not affecting the pH of the soil itself. 
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Figure 7: Example Results of Soil pH Test with pH Strips 
Worcester Royalston:  Tully Lake Harvard 
0-6.0 pH Paper Color 
Legend 
0-14 pH Color Legend 
 Once mixed with a soil sample, the funnel water was tested with pH strips. A very broad 
range pH strip from 0-14 was first used in each sample. After getting a more defined pH range of 
2-3 units (for example pH 4-7) a much more specific pH strip was used again to test the pH 
down to the tenths (ex: 4.1). A pH meter was not used because pH measurements that specific 
were not required for this experiment. An example of the two different pH test strips used can be 
seen highlighted in Figure 7. Because each location had 4 separate samples, the average pH of 
the location was also noted.  
3.3.2 Other Location Conditions 
 Because there are many factors that affect animal biodiversity, as much information 
about the location as possible was collected at the time of sampling. On each tube not only was 
timeline data collected (i.e. date, time, location) but other important environmental factors were 
noted.  Elevation of sample site, current weather conditions and temperature, as well as 
approximate longitude and latitude were documented on the tubes. The more factors considered 
gives a clearer picture of biodiversity and environmental connections and correlations. 
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3.4 Worm Analysis 
 In order to determine what species of worm were isolated from each sample, DNA 
isolation and amplification was done on individual worms. It is important to note that no 
morphological worm analysis was done. For the process to work successfully a molecular marker 
was chosen. Polymerase chain reaction (PCR) was then completed for genetic information 
amplification. 
3.4.1 Worm DNA Isolation 
 Worm DNA isolation was done by using a worm pick to individually remove a specimen 
from a worm growth agar plate and into a 1.5ml microcentrifuge tube. 10µl of worm lysis buffer 
was then added to the microcentrifuge tube until the worm was completely dissolved.  The 
dissolved worm solution contains the entirety of the worm’s DNA and was used as the genetic 
template in the PCR master mix to get the PCR products. The worm lysis buffer was created was 
for a stock of 500ml. Ingredients include 35ml of 1M Kl, 5ml of 1M Tris (pH 8.0), 1.25ml of 1M 
MgCl2, 2.25ml of Nonidet P40 (NP-40), 2.25ml of Tween 20, 0.05g of Gelatin, and 464.25ml of 
distilled water. This mixture was then heated and mixed on a stir plate followed by filter 
sterilization. Just before use, 6µl of 10mg/ml Proteinase K (in distilled water) was added to 1ml 
of lysis buffer to complete the mixture. 
3.4.2 Choosing a molecular marker 
 . For the purpose of this experiment, three different nematode molecular markers 
were taken into consideration when deciding the best way to amplify individual organisms’ 
DNA. In the end, the Small Subunit rRNA region was chosen. A reverse primer and a forward 
primer for this molecular marker e were created. These primer sequences were given from Dr. 
Matthias Herrmann at the Max Planck Institute for Developmental Biology in Tübingen, 
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Germany. The reverse primer had the sequence 5’- CATTCTTGGCAAATGCTTTCG-3’ and the 
forward primer had the sequence 5’- AAAGATTAAGCCATGCATC-3’. 
3.4.3 PCR Reaction to amplify SSU markers 
 Once the molecular marker was chosen and the primers for the marker designed, the PCR 
process was used. The PCR process amplifies the DNA of the sample that binds to the designed 
primers. For this process to work a master mix of reagents was created. This master mix includes 
5µl of 10X buffer, 1.25µl of 10mM dNTPs, 1.5µl of the forward primer at 26.6µM/µl, 1.5µl of 
the reverse primer at 37µM/µl, 35.05µl of distilled water, 0.75µl of the enzyme and 5µl of the 
genomic DNA from the worm sample made with the lysis buffer. The complete master mix totals 
a 50µl reaction. In this experiment, the Expand High Fidelity PCR System, dNTPack kit by 
Roche was used.   
When the master mix was created, the solution went into a thermo-cycling machine with 
a specific program to amplify SSU sequences from genomic DNA.  This program begins with 
94°C for 2 minutes. Then, 34 cycles of 94°C for 30 seconds, 50°C for 30 seconds, 72°C for 2 
minutes. Finally, one cycle of 72°C for 7 minutes and 4°C overnight. After the PCR product was 
done, it was run on a 0.8% agarose gel for approximately 1 hour. The DNA was then visualized 
with UV light to make sure the PCR worked. If the PCR process works, a 0.75 kb DNA fragment 
would be visible on the gel with the use of UV light. 
3.4.4 Worm DNA Sequencing 
 After the PCR product was run and visualized on the gel using UV light, the DNA band 
was cut out. Since there is still gel mixed into the band, a Zymoclean Gel DNA Recovery Kit 
was used to elute the DNA from the gel. Once the PCR product was purified, it was quantified 
using a Nano drop and sequencing reactions were prepared and sent out for sequencing. Once the 
sequence of the DNA was known, it can be matched to an online database through NCBI. Based 
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on sequence similarity to existing sequences in the database, the species of worm from the 
samples were identified. The match to the database does not need to be 100% positive to identify 
a species; rather the most similar sequence is the most probable identity of the species 
sequenced. The higher the match percentage, the better the species identification is. 
3.5 Preserving Worms for Future Use 
 Since this project will be continued, the nematodes isolated were stored for future project 
use. Since the worms were preserved, not only can they be used again but there is also an 
informative catalog of which worms were isolated from our sampled regions. 
3.5.1 Freezing and Storing 
There are a couple of different ways to store worms for later use. For this project, a 
freezing method that allows worm preservation for several decades was used. Clean worm plates 
were washed down with M9 buffer solution. To make 1liter of M9 buffer solution 3g of KH2PO4, 
11.3g of Na2HPO4.2H2O, and 5g of NaCl was added to distilled water and autoclaved. M9, now 
mixed with worms, was transferred to a 15ml centrifuge tube. The tube was centrifuged at 4000 
RPM in a 4x15ml centrifuge machine for 1 minute. Since the worms are now pelleted at the 
bottom on the tube, the M9 supernatant was removed until only 2mL was left in the centrifuge 
tube. These suspensions were then mixed with 2mL worm freezing solution. For 1 liter of worm 
freezing solution, 500mL S-Basal without cholesterol solution (5.85g NaCl, 1g K2 HPO4, 6g 
KH2PO4, and distilled H2O to 1 liter) was mixed with 500mL 30% per-volume Glycerol 
Solution. The mixture was transferred into two 1L bottles of 500mL each and autoclaved. The 
new solution of M9 and worm freezing solution was then transferred into about 4 separate 
Cryotubes (about 1mL per Cryotube), labeled with sample name and current date, placed into a 
Cryobox with the same labeling and frozen at -80 degrees Celsius.  
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3.5.2 Catalog Naming 
 Each different worm strain needs to be stored with a specific code so that it is known 
which strain it is exactly. Since these worms were isolated without knowing what they are, new 
codes had to be created. As much specific information about the worm strain needs to be stated 
in the code name as concisely as possible. The strains collected were labeled according to who 
collected them and their location. For example, in this project worms were collected by both 
Laura Aurilio and Carli Barnes so all worm samples start with LACB for their initials. Then the 
code for where the worm sample was collected from was added in as well as the sample color 
(each sample from the same town was given one of five colors to distinguish it a separate 
sample). For example, worms collected in Worcester would have a name like LACB-WR. This 
would mean that the sample was collected in Worcester and was the red sample. By giving the 
worms a code, they can then be cross referenced to a physical worm catalog which gives the 




4. Results and Discussion 
4.1 Geographical Locations 
Out of the towns in Worcester County, 16 original towns were selected to isolate 
nematodes from. These towns were selected by breaking down the area into 5 sub-areas and 
choosing at least 2 towns within each of the sub-areas. Towns were selected simply for both 
geographic distribution and 
availability and accessibility of a 
relatively undisturbed area for 
sample collection. In the Northwest 
sub-area Royalston, Gardner, and 
Athol were chosen. In the Northeast 
sub-area Harvard, Bolton, and 
Lancaster were sampled. In the 
Southeast sub-area Mendon, 
Millville, Hopedale, Blackstone 
and Milford were chosen. In the 
Southwest sub-area, Sturbridge and 
Warren were selected. Finally, in 
the Central sub-area Holden, Worcester and Shrewsbury were chosen. By sampling each of these 
sub-areas the largest variation in the region could be covered without actually sampling each 
individual town. This was not possible due to time constraints. 
Of the 16 towns selected for sampling, Royalston was sampled at two separate locations 
within the town. This was done to see if there was any variation in diversity even within a 
Figure 8: Towns Sampled in Worcester County Highlighted in Yellow 
(Ajemian & Gamble, 2013)  
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smaller area constraint. After the original 16 towns were sampled, Westborough was added 
through outside sample submission by my colleague Carli Barnes. Two other samples were also 
analyzed taken from an unknown forest and an unknown garden. These samples were done 
purely for process mastering and were not taken into consideration when calculating results. The 
resultant map in Figure 8 shows all areas sampled. 
Once the towns were chosen it was important to locate a relatively undisturbed area 
within that town to collect soil samples. Because of this a state park, forest, field, or other similar 
area was chosen in each town. A complete list of locations in each town sampled can be seen in 
Table 1. Date, time of day, number of samples taken, elevation weather, and longitude and 
latitude can also be seen. Each sample was taken in the afternoon and within a 3 week period to 
try and limit variables as far as drastic weather changes and daily temperature. 
Because latitude and longitude does not change so much within this small area, there 
were no analysis done using those variables. This would matter more if you were analyzing 
biodiversity on the beta or gamma level rather than the alpha level. Westborough samples only 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Worms Found Through Simple Plating  
Number of Worms
Figure 9: Number of Worms Found Through Simple Plating Extraction 
4.2 Nematode Extraction Data 
 The first step after collection of soil samples consisted of extraction of nematodes from 
those soil samples. Of the two different extraction methods used, both were successful in that 
nematodes were successfully isolated from each of the towns. This was an important revelation 
in this particular project because it was previously unknown as to whether or not nematodes 
could be isolated at all. Overall, there was a 100% success rate in nematode isolation when on 
average success is said to be about 30% (Srinivasan, 2013). 
4.2.1 Simple Plating Extraction 
 Through simple plating, an overall 90% success rate was achieved for nematode 
isolation. Of the 18 locations, 16 of them had nematodes isolated. The only locations where 
nematodes were not isolated were Athol and Milford as can be seen in Figure 9. These two towns 
are located nowhere near each other on the map as Athol is northwest and Milford is southeast. 
The most fruitful location was Millville where over 45 worms were isolated through simple 
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plating. Millville is located in the southeast sub-region as well. The complete simple plating 
extraction information can be seen in Appendix F. 
When considering sub-regional data, the Southeast region of sampling had the most 
success in nematode isolation. There were over 90 worms isolated in this region alone as can be 
seen in Figure 10. Although there is not a great difference between number of worms isolated in 
the rest of the sub-regions, the central sub-region and the Southwest sub-region did have the least 



















Region of Central Massachusetts 
Average Number of Worms Found Per Region 
Through Simple Plating 

























Region of Central Massachusetts 
Total Number of Worms Found Per Region 
Through Simple Plating 
Figure 11: Total Number of Worms Found Per Region through Simple Plating 
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sampled per region, an average number of worms per area were figured as well. The Southeast 
region again had the most success with an average of 18.2 worms per town followed by the 
Southwest region and then the Northeast region. The central region had the least success with an 
average of 7.5 worms per town which can be seen in Figure 11.  
4.2.2 Baermann Funnel Extraction 
 With the Baermann Funnel extraction technique, there was a 100% success rate for 
nematode isolation. The number of nematodes found was not quantifiable because of the way 
this isolation takes place. Funneling filters both worms and eggs and so the specific number of 
specimens isolated would be too much to count by eye. Success was simply measured as to 
whether nematodes were found or not. Each sample had at least one worm that was extracted 
from the funnel technique which makes this method a great choice. The complete Baermann 
Funnel extraction method data can be seen in Appendix D. 
4.2.3 Comparing Extraction Methods 
 As previously stated, two isolation methods were used to account for error and/or to 
confirm or deny nematode presence. Because the simple plating method had a 90% success rate 















Worms Found through Different Extraction 
Methods  




choices for nematode isolation. Since this is the case, when choosing between which isolation 
method to use there are other factors that should be taken into consideration. The Baermann 
funnel did yield full results as can be seen in Figure 12 and so is a good choice if simply 
choosing a method by the highest success rate. 
 Both simple plating and the Baermann funnel methods run on two very different 
timelines. This could be a huge factor when deciding which method to use. For a shorter 
timeline, the Baermann funnel is recommended as it can be completed in as little as 24 hours and 
no longer than 72 hours. At the end of the 72 hours, you either have isolated nematodes or they 
simply are not present in the sample. You can choose, should you want to, to plate the resultant 
water from the funnel and see if eggs are present for hatching if no worms are visible. This will 
take more time. For simple plating, the best results occur after about 4-5 days. While it is 

































Number of Days After Plating 
Total Worms Found Through Simple Plating 
Figure 13: Total Number of Worms Found Per Day of Observation through Simple Plating 
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than 30 worms per day were isolated until day 4 when there were too many worms to count as 
can be seen in Figure 13. Because of this, it is recommended to observe plates for up to a week.   
4.3 Soil pH Conditions 
 After testing the pH of the water from each soil sample extraction, the average pH of 
each sample location was calculated. This can be seen in Figure 14. The specific pH soil sample 
information can be seen in Appendix E. The town with the highest pH was Milford, located in 
the southeast sub-region, and the towns with the lowest pH were Gardner, Royalston State Park, 
and Mendon with a pH of 4.65. Gardner and Royalston State Park are located in the northwest 
sub-region while Mendon is located in the southeast.  
Figure 15: Average pH of Soil Selected for Sampling per Location Figure 15: Average pH of Soil Sel cted for Sampling per Location 
 32 
 
To see if there is any association between the presence of worms and the pH of the soil, 
the number of worms found through simple plating in each measured pH was charted as can be 
seen in Figure 15. There is no specific pattern that can be seen as the number of worms found 
varies. The most successful pH was 5.0 where 75 worms were isolated. Samples with an average 
pH of 5.575 and 4.725 had no worms isolated; Milford and Athol respectively. Since there 
appears to be no clear connection between specific pH and nematode isolation success another 
analysis that breaks pH down into range was done as shown in Figure 16. What can be seen is 
that there is more success of isolating nemaotdes when they are found in soil that falls within a 
pH range rather than a specific pH. With a lower pH of 4.00-4.50 there were only 5 worms that 





































Total Number of Worms Found in Each pH 
Condition through Simple Plating 
Figure 15: Total Number of Worms Found in each pH Condition through Simple Plating 
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suggests that the worms found have a tolerance for a specific pH range and do favor a more 
neutral environment rather than acidic. 
4.4 Small Subunit RNA as a Molecular Marker 
 As a control, genomic DNA from a laboratory C. elegans 
strain was extracted and used for PCR with the Small Subunit 
rRNA primers. The PCR product was run on an agarose gel and 
a band was successfully seen at 0.750 kb which shows that the 
PCR with the SSU primers was successful worked. This can be 
seen in Figure 17 next to the 1kb ladder. 
 Because this molecular marker worked for the C. elegans 
genomic DNA, a sample with isolated worms was then analyzed. 


























Total Number of Worms Found in Each pH Range 
through Simple Plating 
Figure 16: Total Number of Worms Found through Simple Plating in each Specified pH Range 






Figure 17: PCR Control: SSU 
Band of C. elegans 
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Five individual worms were picked and PCR 
amplified. The five PCR products from the sample 
can be seen in Figure 18. Each sample contained 
the genomic DNA of a single worm. Samples 1-5 
all displayed the proper size fragment but the 
concentrations of the samples were very different. 
Sample 5 had a much higher concentration than the 
other 4. Sample 2 had the lowest concentration as 
can be seen by the faint band. 
4.5 DNA Sequence Analysis 
The Hopedale PCR products were sent to a third party sequencing company (Eton 
Bioscience Inc.) for sequencing. All five PCR products were sequenced successfully as can be 
seen in TABLE 2. 
Table 2: Species Identified Through NCBI Website 
 
Sample Number Species Identified 
1 P. marianneae 
2 P. pauli 
3 P. pauli 
4 P. marianneae 
















 The first sequence for sample one can be seen in Appendix G.  When matched to the NCBI 
online database for DNA sequences, the nematode species that was found was Pristionchus 
marianneae. The sequence for sample number two can be seen in Appendix H. When searched 
against the non-redundant database at NCBI, our sequence displayed a high degree of similarity 
to nematode species Pristionchus pauli. For the third sample, the DNA sequence can be seen in 
Appendix I. This sequence when matched resulted in identifying Pristionchus pauli as well, just 
like in sample two. For sample number four, the DNA sequence can be seen in Appendix J. This 
DNA sequence resulted in identifying another Pristionchus marianneae. For the last sample, 
sample five, the DNA sequence can be seen in Appendix K. This sequence was also was 
matched to Pristionchus marianneae. This indicates that this one location has two species of the 
same genus which shows variation with some ancestral similarities.  Pristionchus nematodes are 
usually found in close connection with beetles (Max Planck Institute of Developmental Biology, 
2013). This is interesting to note because there were no beetles isolated within the soil sample 
collected from Hopedale. The connection between the presence of these species and the absence 
of beetles in the sample is not yet known, however P. marianneae and P. pauli are two of several 
American nematode species (Sommer, 2013).  The population exchange between beetle and soil 
populations of these species is still an area for examination (Sommer, 2013). 
4.6 Frozen Strains 
 Not all samples were able to be frozen. Some samples simply did not have enough worms 
isolated so that the frozen sample would be dense enough. Because of this, some samples from 
the same town were combined so that the density would be high enough for worm recovery 
during the thawing process. The total list of frozen strains as well as freezing information can be 




 As far as nematode isolation and extraction go, all methods used are appropriate and 
successful. There was a much higher isolation success rate than expected, and this is assumed to 
be due to the fact that most of the attention of this project was given to isolation over all other 
methods. This shows that success is partially based upon patience and care given to each 
isolation process. The Baermann funnel would be a personal suggestion purely based upon 
preference, but as mentioned before simple plating isolation is sufficient should your main 
concern not be the chance of false negative results. The other factor to consider when deciding 
between isolation methods is materials. Simple plating is the best choice if least amount of 
equipment is required. The Baermann funnel, of course requires much more than a nematode 
growth medium agar plate. It is also important to note that while there are more materials 
required for this method, the materials are easy to locate and relatively inexpensive.  
 By being able to isolate nematodes from every town shows that distribution of nematodes is 
very widespread. When it comes to nematode presence in conjunction with soil pH, there is an 
apparent range of tolerance where nematodes prefer to reside in of the towns that were sampled. 
It is expected that having less acidic soil will induce a higher nematode presence. For the towns 
that have soil that fall within the lower and less tolerable pH range, the assumption is that the 
environmental health is poorer due to the more acidic soil and less worm presence. 
Due to limited time constraints, the DNA from only 5 worms was amplified using the PCR 
process. While this number is low, the results show that this approach to assessing biodiversity is 
successful. The SSU as a molecular marker is useful for nematode specific assessments as is 
works great with single worm genetic information. Should this process have been continued, it is 
predicted that results would be the same in that DNA would be able to be isolated and amplified 
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successfully using the SSU primers and PCR cycle. With complete worm analysis, the two 
different Pristionchus species of worms found show that there is variation in the biodiversity 
even within one sample location.  
To be able to make solid conclusions about population numbers and diversities, samples for 
each town within the region should be collected in at least the same quantity as was done in this 
project. Once there is both a wider-spread and more in-depth sampling distribution it should be a 
sufficient enough representation of the region’s population in its entirety to make conclusions 
about environmental biodiversity and health. 
Objectively speaking, this experiment was highly successful in the high nematode isolation 
rate as well as the single worm DNA amplification success. While time did not allow for 
complete worm analysis of all samples, being able to show results for the one town that was 
analyzed demonstrates proof of principle of the method. This project will be continued by other 
undergraduate researchers using these methods. 
For next steps, the frozen worms should be analyzed in the same way as the Hopedale sample 
was analyzed. Once all worms are analyzed a concise map should be created as well as a 
phylogenetic tree allowing for the visualization of worm species location within the Central 
Massachusetts area. This project should then be extended by either sampling more towns within 
the same area or expanding the area of sampling to other Massachusetts regions and so forth. 
As another extension to this venture, there is also great opportunity for community outreach 
through a citizen science project. By asking members of the community to submit their own soil 
samples to be analyzed, information can be collected quicker, easier, and from a wider variety of 
areas. This method has been proven successful in soil sample collection as it was tested at the 
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Touch Tomorrow event held at Worcester Polytechnic Institute in June of 2013. After informing 
visitors of the project goals and how they can help as citizens of the community, there were over 
10 soil sample submissions from individual households and even a box full of soil samples sent 
from a local school. This shows that people are interested  in the findings of this research and 
willing to help. 
 With the results of this project, further analysis can begin to happen as far as connecting 
nematodes with specific soil conditions. In doing background research, there was little to no 
information found on specific species inhabitants and soil and environmental conditions. By now 
being able to know the species of nematodes present in this region, these connections can begin 




Appendix A: Soil Sample Protocol 
1. Obtain map of central Massachusetts 
2. Mark cities/towns of interest 
3. Find relatively undisturbed area within town (forest, park, conservation site etc.) 
4. Map out route to location and visit to sample. 
5. With gloves, take 4 separate soil samples within the specified area. 
6. Fill each sample tube until full. Close tubes fully to avoid contamination. 
7. Measure elevation of site using the Elevation app for iPhone. 
8. Mark sample tubes with date, location, city, time of day, and elevation. 
9. Keep samples at around 4 degrees Celsius for optimal preservation (samples can last up 
to several weeks). 
 
 Use large centrifuge tubes for sampling if possible 
 
*If using any tools to dig up soil, make sure they are clean from area to area as to not 
cross contaminate soil samples. 
 






Appendix B: Baermann Funnel Protocol 
Adapted From ED-STEEP: Education Solutions to Environmental and Economic 
Problems 
Materials: 
 Small funnel 
 Ring stand 
 Flexible tubing (clear works best) 
 Clamp 
 Filter paper or Kimwipes 
 Soil samples 
 Collection vessel (tube or dish) 
 Pipette 
Procedure: 
1. Construct funnel: 
a. Attach approximately 10cm of tubing to end of funnel 
b. Place funnel in ring stand so tubing is not touching the table 
c. Clamp the bottom of the tubing shut 
2. Take two Kimwipes, fold in half and place on top of one another. Put Kimwipes into 
opening of funnel. 
3. Add soil sample on top of the Kimwipes. 
4.  Add water slowly to the soil sample so that it is just saturated. Soil sample must always 
be in contact with water for best results.  
5. Leave funnel undisturbed for 1-3 days, adding water as necessary to keep saturated. 
Worms will fall to bottom of tube. 
6. Release water from tube by releasing clamp. Empty water into centrifuge tube. 
7. Centrifuge sample at 4000 RPM for 1 minute in a 4x15ml rotor centrifuge machine. 
8. Remove excess water from tube with pipette leaving nematode pellet and a small amount 
of water. 
9. Mix pellet and water with pipette and plate onto small seeded plate. Label plate and 








Athol Green LACB-AG 
Athol Purple LACB-AP 
Athol Red LACB-AR 
Athol Yellow LACB-AY 
Blackstone Green LACB-BLG 
Blackstone Purple LACB-BLP 
Blackstone Red LACB-BLR 
Blackstone Yellow LACB-BLY 
Bolton Blue LACB-BOB 
Bolton Green LACB-BOG 
Bolton Purple LACB-BOP 
Bolton Yellow LACB-BOY 
Forest Bag Yellow LACB-FBY 
Garden Bag Blue LACB-GBB 
Gardner Blue LACB-GB 
Gardner Green LACB-GG 
Gardner Purple LACB-GP 
Gardner Yellow LACB-GY 
Harvard Blue LACB-HAB 
Harvard Green LACB-HAG 
Harvard Purple LACB-HAP 
Harvard Yellow LACB-HAY 
Hopedale Blue LACB-HDB 
Hopedale Green LACB-HDG 
Hopedale Red LACB-HDR 
Hopedale Yellow LACB-HDY 
Holden Blue LACB-HB 
Holden Purple LACB-HP 
Holden Red LACB-HR 
Holden Yellow LACB-HY 
Lancaster Blue LACB-LB 
Lancaster Green LACB-LG 
Lancaster Purple LACB-LP 
Lancaster Red LACB-LR 
Milford Blue LACB-MIB 
Milford Green LACB-MIG 
Milford Purple LACB-MIP 
Milford Red LACB-MIR 
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Mendon Blue LACB-MNB 
Mendon Purple LACB-MNP 
Mendon Red LACB-MNR 
Mendon Yellow LACB-MNY 
Millville Blue LACB-MVB 
Millville Green LACB-MVG 
Millville Purple LACB-MVP 
Millville Yellow LACB-MVY 
Royalston State 
Park Blue LACB-RPB 
Royalston State 
Park Green LACB-RPG 
Royalston State 
Park Red LACB-RPR 
Royalston State 
Park Yellow LACB-RPY 
Shrewsbury Blue LACB-SHB 
Shrewsbury Green LACB-SHG 
Shrewsbury Purple LACB-SHP 
Shrewsbury Red LACB-SHR 
Sturbridge Green LACB-STG 
Sturbridge Purple LACB-STP 
Sturbridge Red LACB-STR 
Sturbridge Yellow LACB-STY 
Royalston Tully 
Lake Blue LACB-TLB 
Royalston Tully 
Lake Red LACB-TLR 
Warren Green LACB-WAG 
Warren Purple LACB-WAP 
Warren Red LACB-WAR 
Warren Yellow LACB-WAY 
Westborough Blue LACB-WBB 
Westborough Green LACB-WBG 
Westborough Purple LACB-WBP 
Westborough Red LACB-WBR 
Westborough Yellow LACB-WBY 
Worcester Green LACB-WG 
Worcester Red LACB-WR 
Worcester Yellow LACB-WY 




Appendix D: Baermann Funnel Extraction Data 
Town Start Date Time Stop Date Time 
Worcester 22-May 10:00 AM 24-May 10:00 AM 
Royalston Tully Lake 22-May 10:00 AM 24-May 10:00 AM 
Harvard 22-May 10:00 AM 24-May 10:00 AM 
Bolton 24-May 12:01 PM 29-May 11:00 AM 
Royalston State Park 24-May 12:01 PM 29-May 11:00 AM 
Garden Bag 24-May 12:01 PM 29-May 11:00 AM 
Forest Bag 24-May 12:01 PM 29-May 11:00 AM 
Blackstone 29-May 12:11 PM 31-May 10:00 AM 
Holden 29-May 12:11 PM 31-May 10:00 AM 
Shrewsbury (Purple and Green) 29-May 12:11 PM 31-May 10:00 AM 
Shrewsbury (Blue and Red) 31-May 11:01 AM 3-Jun 10:00 AM 
Milford 31-May 11:01 AM 3-Jun 10:00 AM 
Sturbridge 31-May 11:01 AM 3-Jun 10:00 AM 
Warren 3-Jun 11:40 AM 5-Jun 9:50 AM 
Lancaster 3-Jun 11:40 AM 5-Jun 9:50 AM 
Gardner (purple and yellow) 3-Jun 11:40 AM 5-Jun 9:50 AM 
Gardner (green and blue) 5-Jun 10:35 AM 7-Jun 9:35 AM 
Mendon 5-Jun 10:35 AM 7-Jun 9:35 AM 
Hopedale 5-Jun 10:35 AM 7-Jun 9:35 AM 
Athol 10-Jun 9:33 AM 12-Jun 10:27 AM 
Millville 10-Jun 9:33 AM 12-Jun 10:27 AM 
Westborough (purple and red) 10-Jun 9:33 AM 12-Jun 10:27 AM 
Westborough (Green, Blue, 
Yellow) 12-Jun 9:30 AM 14-Jun 11:00 AM 
 
Worcester 
Color Date Plated Nematodes Found? 
Red 24-May  Yes (large, a lot) 
Yellow 24-May Yes (small) 
Green 24-May Yes 
Blue 24-May Yes 
   Harvard 
Color Date Plated Nematodes Found? 
Yellow 24-May Yes 
Purple 24-May Yes 
Blue 24-May Yes 
Green 24-May Yes 
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   Royalston Tully Lake 
Color Date Plated Nematodes Found? 
Red 24-May Yes 
Blue 24-May Yes 
   Bolton 
Color Date Plated Nematodes Found? 
blue 29-May Yes 
Green 29-May Yes 
Purple 29-May yes 
Yellow 29-May yes 
   Royalston State Park 
Color Date Plated Nematodes Found? 
Green 29-May Yes 
Yellow 29-May NO CHECK AGAIN 
Red 29-May Yes 
Blue 29-May Yes 
   Garden Bag 
Color Date Plated Nematodes Found? 
Blue 29-May Yes 
      
Forest Bag 
Color Date Plated Nematodes Found? 
Yellow 29-May Yes 
   Holden 
Color Date Plated Nematodes Found? 
Yellow 31-May Yes 
Purple 31-May Yes 
Red 31-May Yes 
Blue 31-May Yes 
   Blackstone 
Color Date Plated Nematodes Found? 
Yellow 31-May Yes 
Red 31-May Yes 
Purple 31-May Yes 
Green 31-May Yes 
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   Shrewsbury 
Color Date Plated Nematodes Found? 
Purple 31-May No 
Green 31-May Yes, dead? 
Blue 3-Jun No 
Red 3-Jun No 
   Sturbridge 
Color Date Plated Nematodes Found? 
purple 3-Jun Yes 
Yellow 3-Jun Yes 
green 3-Jun yes 
Red 3-Jun yes 
   Milford 
Color Date Plated Nematodes Found? 
Purple 3-Jun No 
Green 3-Jun Yes 
Red 3-Jun Yes 
Blue 3-Jun Yes 
   Warren 
Color Date Plated Nematodes Found? 
Red 5-Jun Yes 
Green 5-Jun Yes 
Yellow 5-Jun No 
Purple 5-Jun No 
   Lancaster 
Color Date Plated Nematodes Found? 
Green 5-Jun Yes 
Purple 5-Jun Yes 
Red 5-Jun Yes 
Blue 5-Jun No 
   Gardner 
Color Date Plated Nematodes Found? 
Yellow 5-Jun Yes 
Purple 5-Jun Yes 
Green 7-Jun Yes 
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Blue 7-Jun Yes 
   Hopedale 
Color Date Plated Nematodes Found? 
Yellow 7-Jun Yes 
Red 7-Jun Yes 
Blue 7-Jun Yes 
Green 7-Jun Yes 
   Mendon 
Color Date Plated Nematodes Found? 
Blue 7-Jun Yes 
Red 7-Jun Yes 
Yellow 7-Jun Yes 
Purple 7-Jun Yes 
   Athol 
Color Date Plated Nematodes Found? 
Purple 12-Jun NO 
Green 12-Jun NO 
Yellow 12-Jun NO 
Red 12-Jun Yes 
   Millville 
Color Date Plated Nematodes Found? 
Green 12-Jun Yes 
Blue 12-Jun Yes 
Yellow 12-Jun Yes 
Purple 12-Jun No check again 
   Westborough 
Color Date Plated Nematodes Found? 
Purple 12-Jun Yes 
Red 12-Jun Yes 
Green 14-Jun YES HUGE GUY 
Blue 14-Jun Yes 





Appendix E: Soil pH Data 
Worcester average 
Color Date Tested pH   
Blue 24-May 5   
Green 24-May 5   
Yellow 24-May 5   
Red 24-May 5 5 
    Harvard average 
Color Date Tested pH   
Yellow 24-May 5   
Purple 24-May 5   
Blue 24-May 5   
Green 24-May 5 5 
    Royalston Tully Lake Average 
Color Date Tested pH   
Red 24-May 5   
Blue 24-May 5 5 
    Royalston State Park Average 
Color Date Tested pH   
Green 29-May 4.7   
Yellow 29-May 4.7   
Red 29-May 4.7   
Blue 29-May 4.5 4.65 
    Bolton average 
Color Date Tested pH   
Blue 29-May 4.7   
Purple 29-May 4.7   
Green 29-May 4.7   
Yellow 29-May 4.7 4.7 
Garden Bag average 
Color Date Tested pH   
Blue May-13 4.7 4.7 
    Forest Bag average 
Color Date Tested pH   
Yellow 29-May 4.5 4.5 
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    Holden average 
Color Date Tested pH   
Yellow 31-May 4.7   
Purple 31-May 5   
Red 31-May 5   
Blue 31-May 5 4.925 
    Blackstone Average 
Color Date Tested pH   
Yellow 31-May 5   
Red 31-May 5   
Purple 31-May 4.7   
Green 31-May 4.7 4.85 
    Shrewsbury Average 
Color Date Tested pH   
Purple 31-May 4.7   
Green 31-May 4.7   
Red 3-Jun 4.7   
Blue 3-Jun 4.7 4.7 
    Sturbridge average 
Color Date Tested pH   
Green 3-Jun 4.7   
Purple 3-Jun 5   
Red 3-Jun 5   
Yellow 3-Jun 5 4.925 
    Milford average 
Color Date Tested pH   
Blue 3-Jun 6.5   
Red 3-Jun 5.5   
Purple 3-Jun 5   
Green 3-Jun 5.3 5.575 
    Lancaster average 
Color Date Tested pH   
Blue 5-Jun 5   
Red 5-Jun 5   
Green 5-Jun 5   
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Purple 5-Jun 4.7 4.925 
    Warren average 
Color Date Tested pH   
Yellow 5-Jun 5   
Purple 5-Jun 5   
Green 5-Jun 5   
Red 5-Jun 5 5 
    Gardner Average 
Color Date Tested pH   
Purple 5-Jun 4.5   
Yellow 5-Jun 4.7   
Green 7-Jun 4.7   
Blue 7-Jun 4.7 4.65 
    Mendon Average 
Color Date Tested pH   
Yellow 7-Jun 4.7   
Blue 7-Jun 4.4   
Red 7-Jun 4.5   
Purple 7-Jun 5 4.65 
    Hopedale average 
Color Date Tested pH   
Yellow 7-Jun 5   
Blue 7-Jun 5   
Red 7-Jun 5   
Green 7-Jun 5 5 
    Athol average 
Color Date Tested pH   
Purple 12-Jun 4.5   
Green 12-Jun 4.7   
Yellow 12-Jun 4.7   
Red 12-Jun 5 4.725 
    Millville average 
Color Date Tested pH   
Green 12-Jun 4.7   
Blue 12-Jun 5   
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Purple 12-Jun 4.7   
Yellow 12-Jun 4.7 4.775 
    Westborough average 
Color Date Tested pH   
Purple 12-Jun 5   
Red 12-Jun 5   
Green 14-Jun 4.7   
Yellow 14-Jun 5   
Blue 14-Jun 4.7 4.88 
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Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Red W1 13-May 12:57 PM 1 14-May 0 15-May 12:23 PM 0 16-May 11:49 AM 0 17-May 9:35 AM 0 20-May x x 21-May x x
Red W2 13-May 12:59 PM 0 14-May 0 15-May 12:24 PM 0 16-May 11:50 AM 0 17-May 9:38 AM 6 20-May x x 21-May x x
Yellow W1 13-May 1:01 PM 0 14-May 0 15-May 12:27 PM 0 16-May 11:51 AM 0 17-May 9:46 AM 0 20-May x x 21-May x x
Yellow W2 13-May 1:03 PM 0 14-May 0 15-May 12:28 PM 0 16-May 11:52 AM 0 17-May 9:48 AM 0 20-May x x 21-May x x
Blue W1 13-May 1:05 PM 0 14-May 0 15-May 12:29 PM 0 16-May 11:53 AM 0 17-May 9:50 AM 0 20-May x x 21-May x x
Blue W2 13-May 1:07 PM 0 14-May 0 15-May 12:30 PM 0 16-May 11:54 AM 0 17-May 9:52 AM 0 20-May x x 21-May x x
Green W1 13-May 1:09 PM 0 14-May 0 15-May 12:32 PM 0 16-May 11:55 AM 0 17-May 9:53 AM 0 20-May x x 21-May x x
Green W2 13-May 1:12 PM 0 14-May 0 15-May 12:33 PM 0 16-May 11:56 AM 0 17-May 9:55 AM 0 20-May x x 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Yellow H1 13-May 1:40 PM 0 14-May 0 15-May 11:44 AM 1 16-May 11:33 AM 0 17-May 9:58 AM 0 20-May x x 21-May x x
Yellow H2 13-May 1:42 PM 0 14-May 0 15-May 11:50 AM 0 16-May 11:34 AM 0 17-May 10:00 AM 0 20-May x x 21-May x x
Red H1 13-May 1:44 PM 0 14-May 0 15-May 11:53 AM 2 16-May 11:35 AM 0 17-May 10:03 AM 0 20-May x x 21-May x x
Red H2 13-May 1:45 PM 0 14-May 0 15-May 11:55 AM 0 16-May 11:36 AM 0 17-May 10:04 AM 1 20-May x x 21-May x x
Purple H1 13-May 1:47 PM 0 14-May 0 15-May 11:58 AM 0 16-May 11:37 AM 1 17-May 10:09 AM 1 20-May x x 21-May x x
Purple H2 13-May 1:48 PM 0 14-May 0 15-May 11:59 AM 3 16-May 11:38 AM 1 17-May 10:12 AM 6 20-May x x 21-May x x
Blue H1 13-May 1:49 PM 0 14-May 0 15-May 12:12 PM 0 16-May 11:39 AM 0 17-May 10:21 AM 1 20-May x x 21-May x x
Blue H2 13-May 1:51 PM 1 14-May 0 15-May 12:16 PM 0 16-May 11:40 AM 0 17-May 10:23 AM 0 20-May x x 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Purple G1 13-May 2:34 PM 0 14-May 0 15-May 12:48 PM 0 16-May 11:09 AM 0 17-May 11:09 AM 1 20-May x x 21-May x x
Purple G2 13-May 2:35 PM 0 14-May 0 15-May 12:49 PM 0 16-May 11:10 AM 0 17-May 11:10 AM 2 20-May x x 21-May x x
Green G1 13-May 2:36 PM 0 14-May 0 15-May 12:50 PM 0 16-May 11:11 AM 0 17-May 11:11 AM 0 20-May x x 21-May x x
Green G2 13-May 2:37 PM 0 14-May 0 15-May 12:51 PM 0 16-May 11:12 AM 0 17-May 11:12 AM 1 20-May x x 21-May x x
Blue G1 13-May 2:38 PM 0 14-May 0 15-May 12:52 PM 0 16-May 11:13 AM 0 17-May 11:13 AM 2 20-May x x 21-May x x
Blue G2 13-May 2:39 PM 0 14-May 0 15-May 12:53 PM 0 16-May 11:14 AM 0 17-May 11:14 AM 0 20-May x x 21-May x x
Yellow G1 13-May 2:41 PM 0 14-May 0 15-May 12:54 PM 0 16-May 11:15 AM 0 17-May 11:15 AM 0 20-May x x 21-May x x
Yellow G2 13-May 2:43 PM 0 14-May 0 15-May 12:55 PM 0 16-May 11:16 AM 0 17-May 11:16 AM 0 20-May x x 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Blue TL1 13-May 2:13 PM 1 14-May 0 15-May 1:09 PM 0 16-May 10:46 AM 0 17-May 12:30 PM 1 20-May x x 21-May x x
Blue TL2 13-May 2:14 PM 0 14-May 0 15-May 1:10 PM 0 16-May 10:47 AM 0 17-May 12:34 PM 0 20-May x x 21-May x x
Red TL1 13-May 2:16 PM 0 14-May 0 15-May 1:11 PM 0 16-May 10:48 AM 0 17-May 12:35 PM 0 20-May x x 21-May x x
Red TL2 13-May 2:18 PM 0 14-May 0 15-May 1:12 PM 0 16-May 10:49 AM 0 17-May 12:36 PM 1 20-May x x 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Red A1 13-May 2:55 PM 0 14-May 0 15-May 12:37 PM 0 16-May 11:17 AM 0 17-May 1:21 PM 0 20-May x 0 21-May x x
Red A2 13-May 2:56 PM 0 14-May 0 15-May 12:38 PM 0 16-May 11:18 AM 0 17-May 1:22 PM 0 20-May x 0 21-May x x
Purple A1 13-May 2:58 PM 0 14-May 0 15-May 12:39 PM 0 16-May 11:19 AM 0 17-May 1:23 PM 0 20-May x 0 21-May x x
Purple A2 13-May 2:59 PM 0 14-May 0 15-May 12:40 PM 0 16-May 11:20 AM 0 17-May 1:24 PM 0 20-May x 0 21-May x x
Yellow A1 13-May 3:01 PM 0 14-May 0 15-May 12:41 PM 0 16-May 11:21 AM 0 17-May 1:25 PM 0 20-May x 0 21-May x x
Yellow A2 13-May 3:02 PM 0 14-May 0 15-May 12:42 PM 0 16-May 11:22 AM 0 17-May 1:26 PM 0 20-May x 0 21-May x x
Green A1 13-May 3:03 PM 0 14-May 0 15-May 12:43 PM 0 16-May 11:23 AM 0 17-May 1:27 PM 0 20-May x 0 21-May x x
Green A2 13-May 3:05 PM 0 14-May 0 15-May 12:44 PM 0 16-May 11:24 AM 0 17-May 1:28 PM 0 20-May x 0 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Green MI1 13-May x x 14-May 0 15-May 11:34 AM 0 16-May 12:05 PM 0 17-May 1:32 PM 0 20-May x x 21-May x x
Green MI2 13-May x x 14-May 0 15-May 11:35 AM 0 16-May 12:06 PM 0 17-May 1:33 PM 0 20-May x x 21-May x x
Blue MI1 13-May x x 14-May 0 15-May 11:36 AM 0 16-May 12:07 PM 0 17-May 1:34 PM 0 20-May x x 21-May x x
Blue MI2 13-May x x 14-May 0 15-May 11:37 AM 0 16-May 12:08 PM 0 17-May 1:35 PM 0 20-May x x 21-May x x
Red MI1 13-May x x 14-May 0 15-May 11:38 AM 0 16-May 12:09 PM 0 17-May 1:36 PM 0 20-May x x 21-May x x
Red MI2 13-May x x 14-May 0 15-May 11:39 AM 0 16-May 12:10 PM 0 17-May 1:37 PM 0 20-May x x 21-May x x
Purple MI1 13-May x x 14-May 0 15-May 11:40 AM 0 16-May 12:11 PM 0 17-May 1:38 PM 0 20-May x x 21-May x x
Purple MI2 13-May x x 14-May 0 15-May 11:41 AM 0 16-May 12:12 PM 0 17-May 1:39 PM 0 20-May x x 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Red Sh1 13-May x x 14-May 0 15-May 10:50 AM 0 16-May 11:41 AM 0 17-May 1:41 PM 0 20-May x x 21-May x x
Red Sh2 13-May x x 14-May 0 15-May 10:51 AM 0 16-May 11:42 AM 0 17-May 1:42 PM 0 20-May x x 21-May x x
Purple Sh1 13-May x x 14-May 0 15-May 10:53 AM 0 16-May 11:43 AM 0 17-May 1:43 PM 1 20-May x x 21-May x x
Purple Sh2 13-May x x 14-May 0 15-May 10:55 AM 0 16-May 11:44 AM 0 17-May 1:47 PM 0 20-May x x 21-May x x
Blue Sh1 13-May x x 14-May 0 15-May 10:34 AM 1 16-May 11:45 AM 0 17-May 1:48 PM 1 20-May x x 21-May x x
Blue Sh2 13-May x x 14-May 2 15-May 10:43 AM 0 16-May 11:46 AM 0 17-May 1:49 PM 0 20-May x x 21-May x x
Green Sh1 13-May x x 14-May 0 15-May 10:47 AM 0 16-May 11:47 AM 0 17-May 1:53 PM 0 20-May x x 21-May x x











Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Yellow RP1 13-May x x 14-May 1 15-May 12:59 PM 0 16-May 10:51 AM 0 17-May x x 20-May 9:23 AM 0 21-May x x
Yellow RP2 13-May x x 14-May 0 15-May 1:00 PM 0 16-May 10:52 AM 0 17-May x x 20-May 9:24 AM 1 21-May x x
Green RP1 13-May x x 14-May 0 15-May 1:01 PM 0 16-May 10:53 AM 0 17-May x x 20-May 9:30 AM 20 21-May x x
Green RP2 13-May x x 14-May 0 15-May 1:02 PM 0 16-May 10:54 AM 0 17-May x x 20-May 10:20 AM 2 21-May x x
Red RP1 13-May x x 14-May 0 15-May 1:03 PM 0 16-May 10:55 AM 0 17-May x x 20-May 10:28 AM 0 21-May x x
Red RP2 13-May x x 14-May 2 15-May 1:04 PM 0 16-May 10:56 AM 0 17-May x x 20-May 10:29 AM 0 21-May x x
Blue RP1 13-May x x 14-May 0 15-May 1:05 PM 0 16-May 10:57 AM 0 17-May x x 20-May 10:30 AM 0 21-May x x
Blue RP2 13-May x x 14-May 0 15-May 1:07 PM 0 16-May 10:58 AM 0 17-May x x 20-May 10:31 AM 0 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Red HD1 13-May x x 14-May 0 15-May 11:25 AM 0 16-May 11:15 AM 0 17-May x x 20-May 10:36 AM 9 21-May x x
Red HD2 13-May x x 14-May 0 15-May 11:26 AM 0 16-May 11:26 AM 0 17-May x x 20-May 11:00 AM 2 21-May x x
Blue HD1 13-May x x 14-May 0 15-May 11:27 AM 0 16-May 11:27 AM 0 17-May x x 20-May 11:05 AM 10 21-May x x
Blue HD2 13-May x x 14-May 0 15-May 11:28 AM 0 16-May 11:28 AM 1 17-May x x 20-May 11:32 AM 10 21-May x x
Green HD1 13-May x x 14-May 0 15-May 11:29 AM 0 16-May 11:29 AM 0 17-May x x 20-May 12:01 PM 0 21-May x x
Green HD2 13-May x x 14-May 0 15-May 11:30 AM 0 16-May 11:30 AM 0 17-May x x 20-May 12:02 PM 0 21-May x x
Yellow HD1 13-May x x 14-May 0 15-May 11:31 AM 0 16-May 11:31 AM 0 17-May x x 20-May 12:03 PM 0 21-May x x
Yellow HD2 13-May x x 14-May 0 15-May 11:32 AM 0 16-May 11:32 AM 0 17-May x x 20-May 12:04 PM 0 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Purple MN1 13-May x x 14-May 0 15-May 9:51 AM 0 16-May 11:01 AM 0 17-May x x 20-May x x 21-May x x
Purple MN2 13-May x x 14-May 0 15-May 9:54 AM 0 16-May 11:02 AM 0 17-May x x 20-May x x 21-May x x
Yellow MN1 13-May x x 14-May 0 15-May 9:55 AM 0 16-May 11:03 AM 0 17-May x x 20-May x x 21-May x x
Yellow MN2 13-May x x 14-May 0 15-May 9:56 AM 0 16-May 11:04 AM 0 17-May x x 20-May x x 21-May x x
Blue MN1 13-May x x 14-May 3 15-May 9:58 AM 0 16-May 11:05 AM 0 17-May x x 20-May x x 21-May x x
Blue MN2 13-May x x 14-May 2 15-May 10:10 AM 0 16-May 11:06 AM 0 17-May x x 20-May x x 21-May x x
Red MN1 13-May x x 14-May 0 15-May 10:12 AM 2 16-May 11:07 AM 0 17-May x x 20-May x x 21-May x x




Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Green MV1 13-May x x 14-May x 15-May 9:06 AM 0 16-May 11:57 AM 0 17-May x x 20-May x x 21-May 9:20 AM 10
Green MV2 13-May x x 14-May x 15-May 9:08 AM 0 16-May 11:58 AM 0 17-May x x 20-May x x 21-May 9:34 AM 10
Blue MV1 13-May x x 14-May x 15-May 9:12 AM 0 16-May 11:59 AM 0 17-May x x 20-May x x 21-May 9:44 AM 10
Blue MV2 13-May x x 14-May x 15-May 9:15 AM 0 16-May 12:00 PM 0 17-May x x 20-May x x 21-May 9:51 AM 4
Purple MV1 13-May x x 14-May x 15-May 9:17 AM 0 16-May 12:01 PM 0 17-May x x 20-May x x 21-May 9:58 AM 0
Purple MV2 13-May x x 14-May x 15-May 9:19 AM 0 16-May 12:02 PM 0 17-May x x 20-May x x 21-May 9:59 AM 0
Yellow MV1 13-May x x 14-May x 15-May 9:21 AM 0 16-May 12:03 PM 2 17-May x x 20-May x x 21-May 10:00 AM 12:00 AM
Yellow MV2 13-May x x 14-May x 15-May 9:23 AM 0 16-May 12:04 PM 0 17-May x x 20-May x x 21-May 10:09 AM 1
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Purple BL1 13-May x x 14-May x 15-May 9:31 AM 0 16-May 12:13 PM 0 17-May x x 20-May x x 21-May 12:16 PM 0
Purple BL2 13-May x x 14-May x 15-May 9:32 AM 0 16-May 12:14 PM 0 17-May x x 20-May x x 21-May 12:17 PM 0
Red BL1 13-May x x 14-May x 15-May 9:37 AM 0 16-May 12:15 PM 0 17-May x x 20-May x x 21-May 12:18 PM 3
Red BL2 13-May x x 14-May x 15-May 9:38 AM 0 16-May 12:16 PM 0 17-May x x 20-May x x 21-May 12:20 PM 0
Yellow BL1 13-May x x 14-May x 15-May 9:40 AM 0 16-May 12:17 PM 0 17-May x x 20-May x x 21-May 12:25 PM 0
Yellow BL2 13-May x x 14-May x 15-May 9:41 AM 0 16-May 12:18 PM 0 17-May x x 20-May x x 21-May 12:27 PM 0
Green BL1 13-May x x 14-May x 15-May 9:42 AM 0 16-May 12:19 PM 0 17-May x x 20-May x x 21-May 12:29 PM 0
Green BL2 13-May x x 14-May x 15-May 9:44 AM 0 16-May 12:20 PM 0 17-May x x 20-May x x 21-May 12:26 PM 2
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Red WA1 13-May x x 14-May x 15-May 2:10 PM 0 16-May 10:24 AM 0 17-May x x 20-May x x 21-May 11:23 AM 16
Red WA2 13-May x x 14-May x 15-May 2:11 PM 0 16-May 10:25 AM 0 17-May x x 20-May x x 21-May 11:33 AM 0
Purple WA1 13-May x x 14-May x 15-May 2:12 PM 0 16-May 10:26 AM 0 17-May x x 20-May x x 21-May 11:34 AM 0
Purple WA2 13-May x x 14-May x 15-May 2:13 PM 0 16-May 10:27 AM 0 17-May x x 20-May x x 21-May 11:35 AM 0
Yellow WA1 13-May x x 14-May x 15-May 2:14 PM 0 16-May 10:28 AM 0 17-May x x 20-May x x 21-May 11:36 AM 0
Yellow WA2 13-May x x 14-May x 15-May 2:15 PM 0 16-May 10:29 AM 0 17-May x x 20-May x x 21-May 11:37 AM 3
Green WA1 13-May x x 14-May x 15-May 2:16 PM 0 16-May 10:30 AM 0 17-May x x 20-May x x 21-May 11:43 AM 4
Green WA2 13-May x x 14-May x 15-May 2:17 PM 0 16-May 10:31 AM 1 17-May x x 20-May x x 21-May 11:52 AM 0
*Sturbridge
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Purple St1 13-May x x 14-May x 15-May 2:19 PM 0 16-May 10:37 AM 0 17-May x x 20-May x x 21-May 10:51 AM 0
Purple St2 13-May x x 14-May x 15-May 2:20 PM 0 16-May 10:38 AM 1 17-May x x 20-May x x 21-May 10:52 AM 0
Green St1 13-May x x 14-May x 15-May 2:21 PM 0 16-May 10:39 AM 0 17-May x x 20-May x x 21-May 10:53 AM 0
Green St2 13-May x x 14-May x 15-May 2:22 PM 2 16-May 10:40 AM 0 17-May x x 20-May x x 21-May 10:54 AM 0
Red St1 13-May x x 14-May x 15-May 2:24 PM 0 16-May 10:41 AM 0 17-May x x 20-May x x 21-May 10:55 AM 0
Red St2 13-May x x 14-May x 15-May 2:25 PM 0 16-May 10:42 AM 0 17-May x x 20-May x x 21-May 10:56 AM 1
Yellow St1 13-May x x 14-May x 15-May 2:26 PM 0 16-May 10:43 AM 0 17-May x x 20-May x x 21-May 11:00 AM 0
Yellow St2 13-May x x 14-May x 15-May 2:27 PM 0 16-May 10:44 AM 0 17-May x x 20-May x x 21-May 11:01 AM 2
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Purple Ha1 13-May x x 14-May x 15-May 2:29 PM 1 16-May 10:13 AM 0 17-May x x 20-May x x 21-May 10:19 AM 0
Purple Ha2 13-May x x 14-May x 15-May 2:30 PM 0 16-May 10:14 AM 0 17-May x x 20-May x x 21-May 10:20 AM 0
Blue Ha1 13-May x x 14-May x 15-May 2:31 PM 0 16-May 10:15 AM 0 17-May x x 20-May x x 21-May 10:21 AM 4
Blue Ha2 13-May x x 14-May x 15-May 2:32 PM 0 16-May 10:16 AM 0 17-May x x 20-May x x 21-May 10:30 AM 0
Green Ha1 13-May x x 14-May x 15-May 2:33 PM 0 16-May 10:17 AM 0 17-May x x 20-May x x 21-May 10:31 AM 0
Green Ha2 13-May x x 14-May x 15-May 2:34 PM 0 16-May 10:18 AM 0 17-May x x 20-May x x 21-May 10:32 AM 0
Yellow Ha1 13-May x x 14-May x 15-May 2:35 PM 0 16-May 10:19 AM 0 17-May x x 20-May x x 21-May 10:33 AM 0
Yellow Ha2 13-May x x 14-May x 15-May 2:36 PM 0 16-May 10:20 AM 0 17-May x x 20-May x x 21-May 10:34 AM 4
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Purple L1 13-May x x 14-May x 15-May 2:37 PM 0 16-May 10:02 AM 0 17-May x x 20-May x x 21-May 11:11 AM 0
Purple L2 13-May x x 14-May x 15-May 2:38 PM 0 16-May 10:03 AM 0 17-May x x 20-May x x 21-May 11:12 AM 0
Green L1 13-May x x 14-May x 15-May 2:39 PM 0 16-May 10:04 AM 0 17-May x x 20-May x x 21-May 11:13 AM 0
Green L2 13-May x x 14-May x 15-May 2:40 PM 0 16-May 10:05 AM 0 17-May x x 20-May x x 21-May 11:14 AM 6
Blue L1 13-May x x 14-May x 15-May 2:41 PM 0 16-May 10:06 AM 0 17-May x x 20-May x x 21-May 11:20 AM 0
Blue L2 13-May x x 14-May x 15-May 2:42 PM 0 16-May 10:07 AM 0 17-May x x 20-May x x 21-May 11:21 AM 0
Red L1 13-May x x 14-May x 15-May 2:43 PM 0 16-May 10:08 AM 0 17-May x x 20-May x x 21-May 11:09 AM 4








Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Green Bo1 13-May x x 14-May x 15-May x x 16-May 9:29 AM 0 17-May x x 20-May 12:20 PM 3 21-May x x
Green Bo2 13-May x x 14-May x 15-May x x 16-May 9:30 AM 0 17-May x x 20-May 12:30 PM 7 21-May x x
Blue Bo1 13-May x x 14-May x 15-May x x 16-May 9:31 AM 0 17-May x x 20-May 12:15 PM 3 21-May x x
Blue Bo2 13-May x x 14-May x 15-May x x 16-May 9:32 AM 0 17-May x x 20-May 12:17 PM 0 21-May x x
Purple Bo1 13-May x x 14-May x 15-May x x 16-May 9:40 AM 0 17-May x x 20-May 11:10 AM 2 21-May x x
Purple Bo2 13-May x x 14-May x 15-May x x 16-May 9:43 AM 0 17-May x x 20-May 12:12 PM 0 21-May x x
Yellow Bo1 13-May x x 14-May x 15-May x x 16-May 9:45 AM 0 17-May x x 20-May 12:09 PM 1 21-May x x
Yellow Bo2 13-May x x 14-May x 15-May x x 16-May 9:47 AM 0 17-May x x 20-May 12:08 PM 0 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Red Gb1 13-May x x 14-May x 15-May x x 16-May 9:50 AM 0 17-May 12:00 AM 0 20-May 12:48 PM 3 21-May x x
Red Gb2 13-May x x 14-May x 15-May x x 16-May 9:51 AM 0 17-May 12:00 AM 0 20-May 12:53 PM 0 21-May x x
Sample Color Sample Name Date Time # Worms Date # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms Date Time # Worms
Yellow FB1 13-May x x 14-May x 15-May x x 16-May 9:53 AM 0 17-May x x 20-May 12:54 PM 2 21-May x x
Yellow FB2 13-May x x 14-May x 15-May x x 16-May 9:54 AM 0 17-May x x 20-May 12:59 PM 3 21-May x x
Westboro
Sample Color Sample Name Date Time # Worms Date # Worms
Blue WB1 4-Jun 10:00 AM 0 5-Jun 0
Blue WB2 4-Jun 10:01 AM 0 5-Jun 0
Red WB1 4-Jun 10:02 AM 0 5-Jun 0
Red WB2 4-Jun 10:03 AM 0 5-Jun 0
Yellow WB1 4-Jun 10:04 AM 0 5-Jun 0
Yellow WB2 4-Jun 10:05 AM 0 5-Jun 0
Green WB1 4-Jun 10:06 AM 0 5-Jun 0
Green WB2 4-Jun 10:07 AM 0 5-Jun 0
Purple WB1 4-Jun 10:08 AM 0 5-Jun 0
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Appendix I: Hopedale Sample #3 DNA Sequence 
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DNA Alignment from NCBI 
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name Freezer Location Box # Slot # Date
LACB-A -80 1 1-4 8-Jul
LACB-BLG -80 2 89-92 9-Jul
LACB-BLR -80 2 97-100 9-Jul
LACB-BLY -80 2 93-96 9-Jul
LACB-BOB -80 1 69-72 8-Jul
LACB-BOG -80 1 65-68 8-Jul
LACB-BOP -80 1 73-76 8-Jul
LACB-BOY -80 1 61-64 8-Jul
LACB-FBY -80 3 5-8 9-Jul
LACB-GB -80 2 57-60 9-Jul
LACB-GBB -80 3 1-4 9-Jul
LACB-GG -80 2 61-64 9-Jul
LACB-GP -80 2 65-68 9-Jul
LACB-GY -80 2 69-72 9-Jul
LACB-HAB -80 2 85-88 9-Jul
LACB-HAG -80 2 77-80 9-Jul
LACB-HAP -80 2 81-84 9-Jul
LACB-HAY -80 2 73-76 9-Jul
LACB-HB -80 2 21-24 8-Jul
LACB-HDG -80 3 13-16 9-Jul
LACB-HDR -80 3 9-12 9-Jul
LACB-HDY -80 3 17-20 9-Jul
LACB-HP -80 2 17-20 8-Jul
LACB-HR -80 2 13-16 8-Jul
LACB-HY -80 2 25-28 8-Jul
LACB-LB -80 2 53-56 9-Jul
LACB-LP -80 2 45-48 9-Jul
LACB-LR -80 2 49-52 9-Jul
LACB-MIB -80 1 9-12 8-Jul
LACB-MIG -80 1 5-8 8-Jul
LACB-MIR -80 1 13-16 8-Jul
LACB-MNB -80 2 41-44 9-Jul
LACB-MNP -80 2 37-40 9-Jul
LACB-MNR -80 2 29-32 9-Jul
LACB-MNY -80 2 33-36 9-Jul
LACB-MVB -80 1 29-32 8-Jul
LACB-MVY -80 1 33-36 8-Jul
LACB-RPB -80 1 97-100 8-Jul
LACB-RPG -80 1 93-96 8-Jul
LACB-RPR -80 1 85-88 8-Jul
LACB-RPY -80 1 89-92 8-Jul
LACB-SHG -80 1 41-44 8-Jul
LACB-SHR -80 1 37-40 8-Jul
LACB-STG -80 2 5-8 8-Jul
LACB-STP -80 2 9-12 8-Jul
LACB-STR -80 2 1-4 8-Jul
LACB-TLB -80 1 77-80 8-Jul
LACB-TLR -80 1 81-84 8-Jul
LACB-WAG -80 1 53-56 8-Jul
LACB-WAP -80 1 57-62 8-Jul
LACB-WAR -80 1 49-52 8-Jul
LACB-WAY -80 1 45-48 8-Jul
LACB-WBR -80 1 25-28 8-Jul
LACB-WBY -80 1 21-24 8-Jul
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